. Related to Figure 1 The detection of peptidyl-tRNA derived from GFP-Rz mRNA in the mutants. (A) Stalled ribosomes in the dom34Δ mutant contain GFP-Rz mRNA and its protein product. Cell extracts were prepared from the indicated cells harbouring the p416GPDp-GFP-Rz-FLAG-HIS3 plasmid and polysome analysis was performed as described previously. Top: Elution profile of sucrose density gradients monitored by absorbance at 254 nm. Middle: Northern blotting using a DIG-labeled GFP probe. Bottom: Western blotting using an anti-GFP antibody. (B) The GFP-Rz protein of ribosome fractions in ski2Δdom34Δ mutant cells is peptidyl-tRNA derived from GFP-Rz. Protein samples prepared from monoribosome fractions (lanes 1 and 6) of sucrose-gradient were analyzed by NuPAGE followed by Western blotting using an anti-GFP antibody. After centrifugation through a sucrose-gradients in the presence of 30 mM EDTA (final pH=7.4), Protein samples prepared from ribosome-free (lanse 2-3 and 7-8) or 60S ribosome subunit fractions (lanes 4-5 and 9-10) were analyzed by NuPAGE and Western blotting. The indicated samples (lanes 7-12) were treated with RNase A before NuPAGE as in Fig. 1B. (C) The effect of pth1Δpth2Δ double mutations on the dissociation of peptidyl-tRNA from stalled ribosome. Yeast cell extract was prepared from the ski2Δpth1Δpth2Δ cells harbouring the p416GPDp-GFP-Rz-FLAG-HIS3 plasmid. After sucrose-gradient centrifugation, fractions were analyzed by NuPAGE followed by Western blotting. cleavage. W303ski2Δ cells harbouring the p416GPDp-GFP-X12-FLAG-HIS3 plasmid, where X represents the indicated amino acid (single letter code), were grown on SC-Ura medium prior to analysis. The SL reporter contains a fragment that encodes a stem-loop (SL) structure in the RNA transcript. (B) Guanine(G)-rich sequences induce an endonucleolytic cleavage of mRNA. W303ski2Δ cells harbouring the indicated p416GPDp-GFP-X12-FLAG-HIS3 plasmids that contain a (G)-rich sequence were grown on SC-Ura medium prior to analysis. 5'-SL; a stem loop was inserted into the 5' region. (C) Identification of a stalled ribosome containing a 5'-NGD intermediate and its protein product in dom34 deletion mutants. Cell extracts were prepared from W303ski2Δ or W303ski2Δdom34Δ cells harboring the p416GPDp-GFP-K12(AAA)-FLAG-HIS3 plasmid and were used for polysome analysis as described previously. Top: Elution profile of the sucrose density gradient monitored by absorbance at 254 nm. Middle: RNA samples were prepared and analyzed by Northern blotting using a DIG-labeled GFP probe. Bottom: Protein samples were prepared and analyzed by Western blotting using an anti-GFP antibody. (D) GFP protein in the mono-some fraction in ski2Δdom34Δ mutant cells is peptidyl-tRNA derived from GFP-K12-FLAG-HIS3. Protein samples prepared from each fraction in (A) were analyzed by NuPAGE followed by Western blotting using an anti-FLAG antibody. (E) 5'-NGD intermediates are produced in a translation-dependent manner. W303ski2Δ cells harboring p416GAL1p-GFP-K12-FLAG-HIS3 (Top panels) or p416GAL1p-GFP-GGN12-FLAG-HIS3 (Bottom panels) plasmids were grown in medium containing 2% rahinose. Cells were harvested at the indicated times after the addition of 2% galactose, and RNA samples were analyzed by Northern blotting using a DIG-labeled GFP probe as described. The blot at bottom shows cells that were treated with cycloheximide (final concentration 0.1 mg/ml).
Supplemental Information for Figure S3
It has been reported that translation arrest induced by basic amino acid sequences induces Dom34-independent NGD . To determine if endonucleolytic cleavage of mRNA is induced by other consecutive amino acid residues, we inserted DNA fragments encoding various consecutive 12 amino acid sequences, with a FLAG-tag at the C-terminus, between the GFP and HIS3 genes in the p416GPDp vector ( Figure S3A ). The SL reporter contains a fragment that encodes a stem-loop (SL) structure in the RNA transcript ( Figure S3A , lane 2). The generation of truncated 5' GFP mRNA fragments derived from these reporter genes was analyzed in the ski2Δ mutant in which mRNA degradation from the 3' end by exosomes is defective. We detected 5' truncated GFP fragments derived from the reporter genes that contained sequences encoding poly-glycine or poly-tryptophan ( Figure S3A , lanes 8 and 23), in addition to the expected 5' truncated GFP fragments from the poly-lysine and poly-arginine reporter genes ( Figure S3A , lanes 11 and 19) Since the glycine codon (GGN) and the tryptophan codon (UGG) each contain 2 guanine nucleotide residues, we suspected that repeats of a (G)-rich nucleotide sequence rather than a specific amino acid sequence might have induced NGD. To determine if other (G)-rich nucleotide sequences could induce NGD, we examined NGD induction using 12 consecutive GNG or GUG codons in this reporter system. Truncated 5' GFP fragments derived from these reporter genes were also detected in the ski2Δ mutant cells ( Figure S3B , lanes 4 and 6), and inhibition of translation by insertion of a stem-loop (SL) structure into the 5'-untranslated region (UTR) completely eliminated NGD ( Figure S3B, lanes 8 and  10) . These results indicate that (G)-rich nucleotide sequences could induce an endonucleolytic cleavage of mRNA in a translation-dependent manner. We further examined the effects of other (G)-rich nucleotide sequences on NGD in ski2Δ cells, including 6 or 12 consecutive GGN codons, 2 repeats of G8A, 12 (G) nucleotides, and different numbers of repeats of consecutive GGH codons. As shown in Figure S3B , these (G)-rich nucleotide sequences could induce NGD, and the 12 (G) sequence induced NGD more efficiently than 6 repeats of GGH codons. It has been shown that the sequence r(GGAGGAGGAGGA) forms an intra-molecular parallel quadruplex, and that two quadruplexes form a dimer through intermolecular hexad-hexad stacking (Mashima et al., 2009 ). Therefore, it is likely that the 12 repeats of the GGN codon may form stable quadruplex structure and inhibit translation elongation. Many G-quadruplex motifs have been mapped to ORFs (Kikin et al., 2007) , and we suspect that G-quadruplex motifs may stall or block translation and induce an endonucleolytic cleavage of endogenous mRNA.
Figure S4. Related to Figure 4
Polysome analysis of 3'-NGD intermediates. Crude extracts of xrn1Δ or xrn1Δdom34Δ mutant cells harboring the indicated GFP-X-FLAG-HIS3 plasmid were analzyed by 10-50% sucrose-gradient centrifugation. RNA prepared from each fraction was analyzed by Northern blotting using DIG-labeled HIS3 probe. The gray arrows indicate full-length GFP-X-FLAG-HIS3 mRNA, and black arrows indicate the 3' HIS3 fragment produced by NGD (3'NGD intermediate). (pIT826) or an yCplac33GAL1p-His3-ns (pIT827) plasmid were grown. RNA samples were digested with RNase H after hybridization with the AS1 oligonucleotide (5'-ACGCACTCTCACTACGGTGATGAT-3') or with oligo dT (dT), and Northern blot analysis was subsequently performed using a DIG-labeled 3'UTR probe. Figure S6 , related to Figure 6 . Dom34:Hbs1 is required for the complete degradation of decay intermediates of nonstop mRNA. W303 (WT), W303dom34Δ, W303ski2Δdom34Δ or W303xrn1Δdom34Δ cells harboring a yCplac33GAL1p-HIS3 (pIT826) or yCplac33GAL1p-His3-ns (pIT827) plasmid were grown in SC-Gal Ura medium. RNA samples were analyzed by 6% TBE-Urea PAGE, and Northern blot analysis was performed using a DIG-labeled ORF probe. The expression levels of Ski7 mutant proteins. Full-length Ski7 or Ski7-ΔCTD, a mutant that lacks a Ski7-CTD, or Ski7-ΔNTD, a mutant that lacks a amino terminal region of Ski7 were expressed under the control of indicated promoters by the indicated plasmids. The levels of Ski7 or Ski7 mutant proteins were determined by Western blotting using an anti-FLAG antibody. (B) A model for the function of Dom34:Hbs1 in quality control of nonstop mRNA. A ribosome is stalled at the 3' end of the poly(A) tail of nonstop mRNA. The Dom34:Hbs1 complex is required for the dissociation of the stalled ribosome from nonstop mRNA, and for degradation of the aberrant mRNA by exosomes. The nonstop mRNA is also rapidly degraded by Xrn1 from the 5' end probably due to the release of the poly(A) binding protein which generally inhibits the decapping reaction. 
